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3micT aucepraiii. Y gucepraiiiiHiii poO0Ti HaBEJEHO TEOPETUYHE y3arajibHEHHS Ta
HOBE BHUPIIICHHS AaKTyaJdbHOTO HAyKOBO-TIPHKJIATHOTO 3aBIAaHHS, SKE TMOJATaE Yy
pPO3pO0JIEHH]I TEXHOJIOTIYHOI CUCTEMHU CBEPIJIOBUHHOIO 1HCTPYMEHTY J1aMeTpoM 127 mm
JUISl 3HWDKEHHSI TOPCIOHHHMX BiOpalliii OypuibHOI KOJOHU mia 4yac OypiHHS HadTOTra3oBUX
CBEpJIOBUH, 110 3a0e3nedye MiABUUICHHS MEXaHIYHOI IIBUJKOCTI OypiHHS, 3MEHIUEHHS
JMHAMIYHOTO HABAHTAXXEHHS HAa €JEMEHTH KOMIIOHOBKM HU3y OypHJIBHOI KOJOHH Ta
30UIBIICHHS PECYPCY MOPOJOPYHHIBHOTO 1THCTPYMEHTY.

V¥ BcTyni 0OrpyHTOBAaHO aKTyallbHICTh TEMHU JOCHIIKEHHA, CPOPMYILOBAHO METY Ta
3aBllaHHsS POOOTH, BU3HAYEHO OO0'€KT, MPEAMET 1 METOIU OCTIIKEeHb, HABEJICHO HAYKOBY
HOBH3HY, MPAaKTUYHE 3HAYCHHS OTPUMAHHMX PE3yJbTaTiB, OCOOMCTHI BHECOK aBTOpa Ta
BIJIOMOCTI IIOJI0 anpoOarlii pe3yynbTaTiB JOCHiIKEHHS.

VY mepmoMy po3auii BUKOHAHO aHaji3 Cy4yacHOTO CTaHy MpoOJeMH BUHUKHEHHS
BiOpaiiii OypuiabHOI KOJIOHW Ipu OypiHHI HA(TOBUX 1 ra30BUX CBEPAJIOBUH. Po3MIssHYTO
OCHOBHI THUITH KOJIUBaHb OyPHIIbHOT KOJIOHH, TPUYMHHU X BAHUKHEHHSI, MEXaH13MHU PO3BUTKY
Ta BIUIMB Ha OypuibHY KOJIOHY, NOpPOJOPYHHIBHUI 1HCTPYMEHT 1 BHYTPILIHBO
CcBepAJIOBUHHE oOnagHaHHA. [IpoBefeHO aHami3 ICHYIOUMX KOHCTPYKLIM HPHUCTPOIB s
nemnyBaHHS TO3I0BXKHIX, TOPCIOHHUX Ta BUCOKOYACTOTHUX TOPCIOHHUX KOJIMBAHbD,
BU3HAYEHO iX TMepeBarv, HeIONIKM Ta C(OPMOBAHO OCHOBHI HampsIMH MOJATIbIIMX

JIOCIIKEHD.



Y apyroMy po3aim JOCTIIKEHO MPHYMHH BIIMOB €JIEMEHTIB KOMIIOHOBKH HHU3Y
OypuJIbHOT KOJIOHU Mif AI€I0 NUHAMIYHUX HaBaHTAXX€Hb, BAKOHAHO aHaJ13 CTaTUCTUYHUX
JAHUX aBapiiHOCTI Ta MPAKTUYHUX NPUKIAAIB MOLIKOIHKEHHS OypoBOro oOIaJHaHHS.
OOGrpyHTOBaHO HEOOXIJHICTh CTBOPEHHS OypOBOTO aMOpTH3aToOpa TOPCIOHHUX BiOpariii
HOBOTO THUIy, PO3POOJEHO MOro KOHCTPYKIIIO, 3alpOlOHOBAHO MeEXaHi3M Tepeaadi
KPYTHOTO MOMEHTY Ta OCHOBOTO HABaHTAXKEHHSA 13 3aCTOCYBaHHSAM 0Oararo3axijaHoi
HECaMOrajibMiBHOI TBUHTOBOI MapH, MaKeTa TaplIYacTUX MPYKUH Ta CUCTEMH KOMIIEHC Al
BHYTPIIIHBOTO TUCKY.

VY 1tperboMy po3ain cpOpMOBAHO KOMIUICKC TEOPETUUYHUX METOMAMK JOCIIKCHHS.
[ToGynoBaHO MaTeMaTU4YHy MOJAEIb TOPCIOHHUX KOJIMBaHb OypHIIBHOI KOJOHHU 3 TPY>KHOIO
My(pTOIO y KOMIIOHYBaHHI, IO [JO3BOJISIE BU3HAYaTH 3aKOHOMIPDHOCTI 3MIHM KyTa
3aKpy4yyBaHHS, KDyTHOIO MOMEHTY, TOTUYHUX HaNpykeHb, KoedillieHTa BIOpO3axXUCTy Ta
koe(irieHTa IMHAMIYHOCTI J0J10Ta. PO3p0o0IieHO YiCIIOBY MOJIEb By3Jia Iiepeaadl 0ChOBOTO
HABAaHTAXXEHHSI Ta KPyTHOTO MOMEHTY OypoBoro amoptu3aropa B cepemnoBuini ANSYS
Workbench, nocmipkeHO BIUIMB T€OMETPUYHUX TapaMeTpiB 1 KoedillieHTa TepTs Ha
€(eKTUBHICTh pOOOTH MEXaHI3My Ta MPOBEJAEHO aHaji3 HOro HalpyXeHO-1e(pOopMOBaHOTO
CTaHy.

Y uyeTBepTOMY pO3AUTI HABEAEHO pE3YJIbTaTH EKCIEPUMEHTATBHHUX JIOCHIIKCHb.
Po3po0neHo aBTOHOMHUN TPHUCTPiM peecTparlii BUOIHHUX BiOpamiii Smart 4, mpoBeaeHO
Horo mojboBI BUIPOOYBaHHS Ta BUKOHAHO aHaJi3 BIUIMBY JIWHAMIYHUX TMPOIECIB Ha
e(eKTUBHICTh OypiHHA ¥ TEXHIYHUH CTaH MOPOAOPYHHIBHOIO 1HCTpyMeHTY. [IpoBenaeHo
CTEH/IOB1 BUIPOOYBaHHS J1abOpPaTOpHOrO 3pa3ka OypoBOrO aMOpTHU3aTOpa TOPCIOHHUX
BiOpalliii, BU3HAYEHO palllOHAJIbHI NapamMeTpH MPYKHOIO By3jla Ta E€KCHEPUMEHTAIbHO
MIITBEP/KEHO TMIJBUIICHHS MEXaHIYHOT IMIBUAKOCTI OypiHHS TIPU BUKOPHUCTaHHI
3aMpOIIOHOBAHOI KOHCTPYKIITIi.

VY n'atomy po3niii HaBeIEHO PE3yJabTaTh BIPOBAKEHHS NOCHIIKEeHb. BHUKOHaHO
1HKEHEpHE OOTPYHTYBAHHS KOHCTPYKIli OypoOBOTO amMOpTH3aTOpa, BU3HAYEHO Jlialla30HU

eKCIUTyaTallliHUX HaBaHTaXEeHb, MPOBEJACHO PO3PAaXyHKH Ha MIIHICTh Ta BUTPUBAJICTh 32



HANOUIBIII HABAaHTAXKCHUMH TIepepi3aMu, BCTAHOBIIEHO 3aKOHOMIPHOCTI Tiepe/iadi 0ChOBOTO
HABaHTAXCHHS Ta KPyTHOTO MOMEHTY Uepe3 PYKHHUI By30JI amopTu3aropa. [linTBepmkeHo
Mpane3IaTHICTh KOHCTPYKIi B poOOYOMY Jiana3oHi HaBAaHTAXKEHb Ta €(EKTUBHICTh
3aMpOIIOHOBAHOI TEXHOJOTIYHOI CHUCTeMHU. [IpakTH4YHy IIHHICTH POOOTH MiATBEPIKEHO
BIIPOBA/PKEHHSAM PE3YyJIbTaTiB JOCIIIKEHb Y BUpoOHHUY NisibHICTh TOB «EHeprodinancy,
PO3pOOJICHHSIM CUCTEMH peecTpallii BuOiiiHuX BiOpariii Smart 4 Ta OTpUMaHHSIM TPHOX
NaTeHTIB YKpaiHu Ha KOPUCHI MOJIEI.

3a pe3ynapraraMu TPOBEICHUX TOCHTIIKEHb YIOCKOHAJICHO METOAMKY PO3PAXyHKY
napaMeTpiB TOPCIOHHHMX KOJHBaHb OypWIILHOI KOJIOHH, PO3POOJIEHO HOBY KOHCTPYKIIIIO
OypoBOro amMmopTu3aropa TOPCIOHHUX BiOpaiiii miamerpom 127 MM 13 MeXaHI3MOM
NIEPETBOPEHHS KPyTHOTO MOMEHTY B OChOBE TIEPEMIIIICHHS TIPY>KHOTO €JIeMEHTa Ta BIIEPIIe
IHTErpOBaHO B KOHCTPYKIIIF0O aMOPTU3AaTOPa CUCTEMY KOMIIEHCallli BHYTPIIIHBOTO TUCKY JJIsI
poOOTH Yy CKIQOHUX TEpMOOAPUYHUX YMOBAX CBEPJIOBHHH. EKCIIEpUMEHTAILHO
MiATBEPHPKEHO MOXJIMBICTD IIJBHINCHHS MEXaHIYHOI IIBHUJKOCTI OypiHHS, 3MCHIICHHS
IHTEHCUBHOCTI TOPCIOHHUX KOJIMBAaHb 1 301JIbIIIEHHS JOBITOBIYHOCTI €JIEMEHTIB KOMITOHOBKHU
HU3y OypHUIIbHOT KOJIOHH.

Kuarwuogi cioBa: Hadra, ra3, ponosuiiie, cBep/ijIoBMHA, OypiHHS, OypHiibHA KOJIOHA,
KOMIIOHOBKa HHU3y OypuiibHO1 KoJIoHH, nosnoto PDC, BuOi#l, kKiHeTHYHA eHepris, BiOparlii,
KOJTMBAHHS, MaTeMaTUIHA MOJIEJTh, MOJICTTIOBAHHSI, BIOPO3aXUCT, BIOPOHAIHHICTD, IPY>KHUN
eJIeMeHT, e(PeKTUBHICTh, MEXaHIUYHA MIBUJKICTb OYpIHHS, peKUM OypiHHS, aMOPTHU3ATOP,

TaplI4acTi Npy>KUHU.



ABSTRACT

Landar S.M. Development of a Technological System of a 127 mm Downhole
Drilling Tool for Reducing Torsional Vibrations. — Qualification scientific work presented
as a manuscript.

Dissertation submitted for the degree of Doctor of Philosophy in Specialty 185 — Oil
and Gas Engineering and Technologies. — National University "Yuri Kondratyuk Poltava
Polytechnic", Poltava, 2026.

Contents of the dissertation. The dissertation presents a theoretical generalization and
a new solution to an important scientific and applied problem consisting in the development
of a technological system of a 127 mm downhole drilling tool for reducing drill string
torsional vibrations during oil and gas well drilling. The proposed system provides an
increase in the rate of penetration, a reduction in dynamic loads acting on the Bottom Hole
Assembly (BHA), and an extension of life of drill bits.

The introduction substantiates the relevance of the research topic, formulates the aim
and objectives of the study, defines the object, subject, and research methods, and presents
the scientific novelty, practical significance of the obtained results, the author's personal
contribution, and information on the approbation of the research findings.

Chapter 1 analyzes the current state of the problem of drill string vibrations occurring
during oil and gas well drilling. The main types of drill string vibrations, their causes,
mechanisms of development, and their influence on the drill string, rock-cutting tools, and
downhole equipment are considered. Existing designs of devices intended for damping
axial, torsional, and high-frequency torsional vibrations are reviewed, their advantages and
disadvantages are identified, and the main directions for further research are established.

Chapter 2 investigates the causes of Bottom Hole Assembly failures under dynamic
loading conditions. Statistical data on equipment failures and practical examples of drilling
equipment damage are analyzed. The necessity of developing a new type of torsional

vibration shock absorber is substantiated. A new shock absorber design is proposed,



including a mechanism for transmitting torque and axial load based on a multi-start self-
locking-resistant screw pair, a stack of Belleville springs, and an internal pressure
compensation system.

Chapter 3 presents a comprehensive set of theoretical research methods. A
mathematical model of drill string torsional vibrations with an elastic coupling incorporated
into the Bottom Hole Assembly is developed, enabling the determination of the relationships
between the angle of twist, torque, shear stresses, vibration isolation coefficient, and bit
dynamic coefficient. A numerical model of the torque and axial load transmission
mechanism of the drilling shock absorber is developed using ANSYS Workbench. The
influence of geometric parameters and friction coefficient on the operating efficiency of the
mechanism is investigated, and its stress-strain state is analyzed.

Chapter 4 presents the results of the experimental investigations. An autonomous
Smart 4 downhole vibration recording system is developed and field-tested, and the
influence of drilling dynamics on drilling efficiency and the technical condition of rock-
cutting tools is evaluated. Laboratory bench tests of a prototype torsional vibration drilling
shock absorber are carried out. The optimum parameters of the elastic element assembly are
determined, and the increase in the rate of penetration achieved through the application of
the proposed design is experimentally confirmed.

Chapter 5 presents the implementation of the research results. The engineering
justification of the drilling shock absorber design is provided, the operational loading ranges
are determined, and strength and fatigue analyses are performed for the most highly loaded
cross-sections. The relationships governing torque and axial load transmission through the
elastic mechanism of the shock absorber are established. The operability of the proposed
design within the required operating load range and the efficiency of the developed
technological system are confirmed. The practical value of the research is demonstrated
through the implementation of the obtained results in the drilling operations of Energofinans
LLC, the development of the Smart 4 downhole vibration monitoring system, and the

acquisition of three Ukrainian utility model patents.



The research resulted in the improvement of the methodology for calculating the
parameters of drill string torsional vibrations, the development of a new 127 mm torsional
vibration drilling shock absorber incorporating a mechanism that converts torque into axial
displacement of an elastic element, and, for the first time, the integration of an internal
pressure compensation system into the shock absorber design for reliable operation under
severe downhole thermobaric conditions. Experimental investigations confirmed the
possibility of increasing the rate of penetration, reducing the intensity of torsional vibrations,
and extending the service life of Bottom Hole Assembly components.

Keywords: Oil, gas, field, borehole, drilling, drill string, bottom hole assembly, PDC
bit, bottomhole, kinetic energy, vibrations, resonant vibrations, mathematical model,
modeling, vibration protection, vibration reliability, elastic element, efficiency, rate of

penetration, drilling mode, absorber, disk springs.





